The stars of the solar neighbourhood essentially originate from two stellar populations: Population I (the thin disc) and Population II (the thick disc). Recently, we completed an unbiased sample of long-lived solar-type stars and demonstrated that the local normalization of the thick disc versus thin disc is about 20 per cent. In this second paper, we present the observational evidence that at least this percentage is also met in the realm of their degenerate counterparts and may even be as high as one-third. Along with the results from the solar-type stars, this is a direct confirmation of the thick disc being the massive and dark baryonic population of the Milky Way.
I N T RO D U C T I O N
On the formation time-scale of the Milky Way Galaxy, the dividing line between long-lived and short-lived stars is found among those of solar type. As a member of the ancient thick disc, the Sun would nowadays be a hot white dwarf or at least in an advanced stage that we observe for the giant Arcturus. However, the Sun, like numerous other stars of the solar neighbourhood, is a star of the much younger thin disc and a question that immediately arises is that of the normalization of these two disc populations that locally account for essentially all of the stellar inventory.
One way to address this question is to work with a volumecomplete sample of long-lived 'ordinary' stars in the solar neighbourhood. Our incomplete knowledge of the numerous nearby K and M dwarfs, however, inhibits their use as reliable tracers. On the bright end, in turn, the early-type stars of the thick disc are all gone. This inevitably leads one to the census of late-F-type and G-type stars, but fortunately, with our parent star being a member of this kind, there is the fundamental advantage of a basic reference that allows us to fairly accurately follow their evolution and scrutinize which stars are long-lived and which are short-lived on the 13-Gyr formation time-scale of the thick disc. For a mostly northern subset of an all-sky survey of more than 300 solar-type stars out to 25 pc, we recently completed this kind of work (cf. Fuhrmann 2011) with the basic result of a 20 per cent local normalization of thick-disc stars versus thin-disc stars.
However, of course, the just-mentioned ancient early-type stars are not really gone and instead lurk around in our vicinity, mostly in E-mail: klaus@ing.iac.es the robe of white dwarfs, and some of them even better characterized as 'black dwarfs'. If one can find them, there is the principal key to the Galactic past and hence a distinct approach to learn about the local normalization of the disc stars from these dead degenerates. Evidently, this avenue is more difficult to follow with the tracers being compact and rather dark objects. Yet there has been a steady progress in this field up to a point where the local 20-pc white dwarf census with an estimated population of about 200 stars has become increasingly mature in terms of its overall completeness.
Thus we will deal with the question which fraction of the local white dwarfs belongs to which disc population. While uncertainties undoubtedly exist, we present the observational evidence of a local white dwarf contribution to the thick disc at least as high as the contribution of the solar-type stars and the prospect that this can even reach the one-third percentage. On account of its larger scaleheight, this extremely old single-burst stellar population consequently constitutes a huge reservoir of baryonic dark matter for the Galaxy.
T H E L O C A L W H I T E DWA R F P O P U L AT I O N S
25 years ago, a census of 96 white dwarfs out to 20 pc was discussed by Jahreiß (1987) in the context of the Third Catalogue of Nearby Stars. As he pointed out, this was exactly twice the number of the second catalogue in 1969 and that Wilhelm Gliese could only refer to 22 white dwarfs within 20 pc in the first compendium on the nearby stars back in 1957. A few years later, Holberg, Oswalt & Sion (2002) published an update of the local 20-pc white dwarf inventory which included 109 objects and which they considered to be 65 per cent complete. Some of these, however, were actually F stars or at larger distances, but there were also new discoveries and an upgraded list was presented by partly the same authors in Holberg et al. (2008) with the number of white dwarfs increased to 126. Only 1 year later, this was again revised to 133 objects by this group with the work of Sion et al. (2009) . This compilation, which is estimated to be 80 per cent complete, will serve as the basic reference for the present investigation. 
The local normalization: direct census
Which of these stars or at least what fraction belongs then to the thick disc? Evidently, it would be difficult to make use of the chemistry of these degenerate stars and -except for some of the coolest objectsthe age information is also a rather ambiguous means: the extremely old Arcturus, for instance, will soon become a hot and young white dwarf. In this situation, we have to resort to the kinematics of these stars and the question is whether this is feasible given that the stars of the thick disc and thin disc are known to possess a kinematical overlap. While this is principally true, we shall demonstrate now that this is not as critical as one might think at first glance.
The principal key to proceed is a representative parent population of individually identified thick-disc and thin-disc non-degenerate stars which serves as a template against which to confront the local white dwarfs. It is important to understand that this template must be complete and must consist of long-lived stars to map the relative contributions of both disc populations in velocity space in an unbiased manner. On the base of our recently published 300 nearby solar-type star sample, we can exactly refer to such a template. With that, we count 15 stars of the thick disc, which are long-lived by definition, and there are 74 long-lived stars of the thin disc. Both subsamples are given in Table 1 along with their UVW space velocities in a right-handed system 3 and with respect to the local standard of rest. Corrections for the basic solar motion are taken from Dehnen & Binney (1998) .
With a total of N = 89 long-lived solar-type stars, our template parent population has two-thirds the size of the white dwarf sample with N = 133. The fact that the latter is an all-sky 20-pc census, whereas our template refers to stars only north of declinations δ ≥ −15
o , but out to 25 pc, is certainly not critical. However, there is one obstacle that arises from the missing radial velocity information for most of the white dwarfs. Indeed, Sion et al. (2009) mention that these are only available for a minority of 55 stars of their sample.
We can, however, mostly address this problem by setting the radial velocities of the template sample likewise to zero. The comparison with the resulting velocity distribution is then given in the Toomre diagram in Fig. 1 . In both panels of this figure, the stars of the thick disc are given with dark blue circles and circle diameters corresponding to their age estimates. 4 Light blue circles denote the 74 long-lived stars of the thin disc. Panel (a) displays the full threedimensional velocity information, whereas in panel (b) all radial velocities are set to zero.
1 In this work, we count double-degenerates as two entries, as we do further below for the binaries of the solar-type stars (e.g. HR 6516 AB and HR 7293/4). In both cases, this applies to only a handful of systems. 2 We mention here also three long-lived stars intermediate to both disc populations. They do not much affect the main conclusions on the local white dwarf populations, but we shall correct for them in the end. 3 The space velocities given in this work follow the prescriptions in Wielen (1982) . Most obviously, this causes a major difference: while on account of the real space velocities in panel (a) the two disc populations are fairly well separated, this information is mostly lost in panel (b) with radial velocities set to zero. To be more specific, all except two thick-disc stars in panel (a) have a V -velocity component V < −50 km s −1 and particularly all thick-disc stars avoid the innermost v pec < 50 km s −1 region, where the bulk of the thin disc resides. The latter, in turn, displays only two stars at V −54 km s −1 plus the well-known thin-disc maverick HD 152391 at V = −105 km s −1 . A dividing line introduced at V = −50 km s −1 would thus dismiss two out of 15 stars of the thick disc and three out of 74 counterparts for the thin disc. The fractional error with this deliminator on the template star counts is therefore only just one star out of 89.
However, with the radial velocities of the long-lived solar-type stars set to zero, four out of 13 thick-disc stars invade at the innermost v pec = 50 km s −1 circle and two more thick-disc stars are also found above V = −50 km s −1 . In other words, there is an exodus of about half the thick-disc stars passing the dividing line. From simple inspection of Fig. 1(a) , it is most obvious that a selection of thick-disc stars versus thin-disc stars is then virtually impossible for V > −50 km s −1 . Our results are here at variance with those of Silvestri et al. (2001) and Silvestri, Oswalt & Hawley (2002) who find the lack of the radial velocity information to be less critical. On the other hand, Pauli et al. (2003 Pauli et al. ( , 2006 Adams & Kohlschütter (1914) even without an idea of the stellar populations, but it is for exactly this reason that the stars of the thick disc are the most affected in Fig. 1(b) .
Yet, for the stars of the thin disc, one important aspect from Fig. 1 also becomes very evident: with their radial velocities set to zero, all thin-disc solar-type stars -except for HD 152391 -stick to the V = −50 km s −1 boundary in Fig. 1(b) . That is, we have every reason to expect that the local white dwarfs of the thin disc will not behave much differently and we can subscribe those that we meet below V < −50 km s −1 almost entirely to the thick disc. It seems worthwhile to stress again that it is the parent population of the solar-type stars, representing a complete and long-lived sample, that provides the base for this assessment. In other words, if the 74 non-degenerates of the thin disc cannot pass the V < −50 km s
line -and one may call HD 152391 the exception that proves the rule -then one may not expect that a significant number of stars from the thin-disc white dwarf sample, being of similar size and originating from the same velocity distribution, can somehow make it. Both samples are then displayed in Fig. 2 . In panel (a), the 133 white dwarfs (small red dots) from Sion et al. (2009) are all plotted with their radial velocities set to zero. As in Fig. 1 , the dark and light blue circles represent the template parent population and we additionally highlight the main regions of the thick disc and thin disc with a dark and light blue shading. The direct census of the stars below V = −50 km s −1 results in a subset of 25 thick-disc white dwarf candidates. These stars, half of which we could already identify in Fuhrmann (2000 Fuhrmann ( , 2004 , are given in Table 2 . Taken at face value, they provide a local normalization of 23 per cent thick-disc versus thin-disc stars. It appears very unlikely that this sample will face any star of the thin disc -maybe one. However, as we discuss further below, a few of them will be part of the rare intermediate disc stars. On the other hand, we must expect to find some more thick-disc stars on the high-velocity, light blue side of the dividing line, and these will very likely more than compensate the overall thick-disc census.
There are indeed three cases of solar-type dwarf/white dwarf systems with a confirmed or suspected thick-disc origin within 20 pc. These are set out in Table 3 . The effect of the known radial velocities on their total space velocities is displayed in Fig. 2(a) by the three white lines that lead to big red dots -their true positions. One of these is o 2 Eri A = HD 26965, the primary of a very nearby thick-disc triple system at 5-pc distance and with the secondary being eventually the nearest white dwarf of that population in the solar neighbourhood. 5 Note that even by inclusion of the full space velocity, this star remains in the light blue region more typical for the thin disc. The second and perhaps the most impressive example in Fig. 2(a) occurs for the southern late F star HR 3018 = HD 63077. Actually, this is also a triple system and the chemistry of its primary qualifies it as a certain thick-disc member at [Fe/H] −0.85 (Soubiran et al. 2010) . With a radial velocity v r = +103 km s −1 , the connecting white line in Fig. 2(a) crosses from the most extreme, high V -velocity position of all white dwarfs into the dark blue region of the thick disc. This clearly demonstrates that any white dwarf in Fig. 2(a) is in principle a potential thick-disc member as long as the radial velocity information is lacking. The third case of a non-degenerate/degenerate system is found with another southern star, the early K type, slightly metal-poor visual binary HR 637 = HD 13445. This is unlikely a thin-disc object, but it remains to be seen whether it belongs to the intermediate disc stars or is in fact a member of the thick disc. At this point, we must also comment on yet another extreme case in Fig. 2 (instead of 323), which include the known radial velocity, there is now a non-negligible possibility for this being a high-velocity thickdisc star, perhaps similar to the exceptional HD 152391 for the thin disc. Actually, we do not know the detailed chemical composition of WD 1756+827, but with HD 148816 we had already discussed (cf. Fuhrmann 2002) a similar case of a high-velocity solar-type star with a very typical thick-disc metal-enrichment pattern. For the overall nearby white dwarf census, it is of course not really important whether we count WD 1756+827 as a thick-disc star or a halo star.
The local normalization: statistical correction
Up to now, we were only concerned with the direct census of the local white dwarfs as they result from a kinematical V < −50 km s −1 criterion motivated from an unbiased and representative parent population. This has led to 25 thick-disc white dwarf candidates. If we go back to Fig. 1(b) that displays the space velocities of the template parent population with all radial velocities set to zero, we find eight bona fide thick-disc stars with reference to the V < −50 km s
line. HD 152391 at V = −105 km s −1 would then be a kinematical misclassification, as its spectrum could immediately substantiate, but we have also seen that stars like o 2 Eri with a rather high Vvelocity component at V = −7 km s −1 are nevertheless thick-disc stars. Hence, there is some kinematical exchange or trade-off that affects a small percentage of the stars of both disc populations, but which mostly cancels with respect to the overall normalization.
However, as soon as we re-introduce the known radial velocities of the template stars in the Fig. 1(a) , we get a bona fide sample of 16 stars of the thick disc. Given that this is twice the number compared to panel (b), the implication is that the above-derived 23 per cent fraction of thick-disc white dwarfs could be seriously in error and very likely requires an upward correction.
To probe this possibility, we can directly assign the radial velocity distribution from the template stars to the 133 − 25 = 108 remaining stars of the white dwarf sample. By randomly rearranging the given velocities with 10 000 trials as in Fig. 2(b) , this statistically provides us with another 6.5 additional thick-disc stars with V < −50 km s −1 . Candidates among these are WD 0912+536 and WD 1633+572. The most intriguing case and an almost certain thick-disc member, however, is WD 2251−070. This V = 15.66 object was first discovered as a high-proper-motion star by Luyten & La Bonte (1972) and later presented by Dahn et al. (1976 Dahn et al. ( , 1978 as a very cool white dwarf at a distance of only 8 pc. Dahn et al. (1976) already mentioned its 'unusual colors' and estimated a blackbody temperature from red scans of about 4000 K, i.e. an object that one would nowadays tend to call an ultracool white dwarf. Indeed, the modern value T eff = 4000 ± 200 K (Dufour et al. 2007 ) is still at this very number, and Dufour et al. also point out that WD 2251−070, being at the limit of their model grid, is 'not fully understood yet and that significant improvements are still required'. The τ = 9.0 Gyr cooling age for WD 2251−070 given in Sion et al. (2009) also exceeds the 8-Gyr formation time-scale of the thin disc as derived in Bernkopf, Fiedler & Fuhrmann (2001) .
If we thus proceed with six additional thick-disc candidates plus the 25 stars from Table 2 , we get a total sample of 31 bona fide thick-disc white dwarfs. We expect to have about five intermediate disc stars within that subset, but a similar number of thick-disc o 2 Eri-like stars with V > −50 km s −1 will certainly also exist and we mention WD 0208-510 and WD 0743-336 from Table 3 . In other words, we get a census wherein for every local thick-disc white dwarf there are three white dwarfs from the thin disc.
D I S C U S S I O N A N D C O N C L U S I O N S
From the investigation of the 133 white dwarfs of the local 20-pc star catalogue of Sion et al. (2009) and much at variance with the findings of that work, we have shown that one can expect to find about 30 stars of the thick disc. 6 In his review, Reid (2005) had formerly derived a 20 per cent thick-disc contribution, but with reference to a local normalization of disc main-sequence stars of only 10 per cent. On account of the higher local normalization that we find from the solar-type stars, this number would get close to 35 per cent, a thick-disc fraction that Napiwotzki (2009) in his model of the white dwarf populations of the Galaxy recently also arrived at.
What are the implications of these findings? Sion et al. (2009) give a local white dwarf number density n WD, = (4.9 ± 0.5) × 10 −3 pc −3
within 13 pc, a distance which they consider delivers a complete sample. If these were all thin-disc members and adopting a thindisc scaleheight and scalelength of h z = 300 pc and h r = 3.0 kpc (e.g. van der Kruit & Freeman 2011), respectively, the number of white dwarfs becomes
2.4 × 10 9 , wherein R = 8.0 kpc is the adopted Galactocentric distance. However, with our local disc white dwarf census n WD, ,thick 1.6 × 10 −3 pc −3
6 For an explanation of these diverse results, we note at this point that we found considerable discrepancies with part of the UV W velocities given in table 3 of Sion et al. (2009) , whereas we get consistent results with the space velocities given in e.g. Farihi, Becklin & Zuckerman (2005) . In addition, our work refers to Toomre diagrams with the full UV W velocity information included, compared to the Bottlinger V − U diagram employed by Sion et al. (2009) .
and assuming h z = 1200 pc and h r = 4.0 kpc for the thick disc, we get N WD,thin 1.8 × 10 9 and N WD,thick 2.0 × 10 9 , meaning that the white dwarfs of the old precursor population slightly outnumber that of the thin disc.
Uncertainties exist, of course, with both the scaleheights and scalelengths of the disc populations. Thus, considering only the latter, Bensby et al. (2011) very recently find scalelengths of 3.8 and 2.0 kpc for the thin disc and thick disc, respectively. Application of these values leads to N WD,thin 1.6 × 10 9 and N WD,thick 3.8 × 10 9 , i.e. more than twice as many white dwarfs for the thick disc compared to the thin disc and also more than twice as many white dwarfs compared to the first, single-disc estimate above. With a significant number of local white dwarfs of the thick disc likely awaiting their detection, this inventory may easily rise to no less than 5 × 10 9 degenerates of that ancient population. As opposed to the thick disc, the local contribution of the halo white dwarfs with just one candidate to the local 20-pc sphere translates to a formal number density of 3.0 × 10 −5 pc −3 . This is necessarily an uncertain number, but it is in keeping with a result found from a much larger 4500 solar-type star sample in Fuhrmann (2002) and means that the mass involved with the Milky Way halo white dwarfs is comparatively irrelevant.
The census of the white dwarfs of the solar neighbourhood thus suggests that the bulk of these dead stars of the Milky Way likely originates from its thick disc. With progenitor masses in the 1-8 M range and assuming a power-law initial mass function ψ ∼ m −2.7 one has about 2 M for every white dwarf. The involved baryons at the thick-disc formation epoch, hence likely amount to about 10 10 M and could substantially exceed this budget for a top-heavy initial mass function. Part of this was instantaneously distributed to the intragroup or intracluster medium, but some fraction went also in the build-up of the second generation stars -that of the thin disc.
Thus, and as was already described in detail in Fuhrmann (2004) , instead of a dominating thin disc and a small contribution from the thick disc, we very likely face two near equal-mass disc populations in a maximum-disc Galaxy, i.e. with a complete support of the rotation curve from ordinary matter out to at least the solar radius.
Implications of our census for the white dwarf luminosity function are more difficult to quantify without the full velocity information on the local white dwarfs given that only the stars in Tables 2  and 3 are explicitly identified. Also, and in analogy to the observed white dwarf cooling sequence of the globular cluster NGC 6397 (Hansen et al. 2007, their fig. 19 ), the question arises whether we have already reached the bottom line of the local thick-disc degenerates, presumably not.
One must indeed expect that quite a number of ultracool degenerates in the solar neighbourhood have still gone unnoticed. Massive white dwarfs, i.e. those with more massive and hence very shortlived progenitor stars resulting in cooling times of about 12 Gyr, should be the very faintest degenerates, and even more so, as by virtue of the white dwarf mass-radius relation these degenerates will also be the tiniest objects. In this sense, the above-mentioned WD 2251−070 at 8-pc distance with an effective temperature of about 4000 K may only be a moderate example of these species, but real 'black dwarfs' are imaginably not yet detected -not even in our immediate vicinity.
Therefore, and to meet any overly optimistic view, we mention Teegarden's star as a memorable example in this context. This object, a very nearby M7.5 dwarf with an extreme proper motion of more than 5 arcsec yr −1 was only discovered by Teegarden et al. (2003) in the context of a near-Earth asteroids tracking project and recently determined to be at a distance of 3.9 pc by Gatewood & Coban (2009) . From the spectral type, the effective temperature should be at or below 3000 K and the stellar radius comparable to Jupiter. The kinematics clearly imply that Teegarden's star must be a thick-disc member, and it could be detected because it is relatively bright at V = 15.4. As a white dwarf at that effective temperaturebut with a 10 times smaller, Earth-like radius -it would have gone unnoted.
More than 30 years ago, in their discovery announcement on the very nearby and ultracool WD 2251−070, Dahn et al. (1976) had pointed out that this object 'adds to recent observational and theoretical evidence that degenerate stars are actually quite numerous at luminosities as low as 10 −4 L '. In our opinion, this assessment is even more relevant than ever. The tiny and dark degenerates certainly have a bright future ahead.
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